A method based on the meteorological data to predict the ability of peak-load regulation of combined heat and power unit was proposed. The problem that wind power was not accommodated by the power grid during the heat-supply period is solved. In the condition of the lowest indoor temperature which is 18℃, the all heat consumers are taken as one room. The heat load of consumers and steam extraction amount under different outdoor temperatures were calculated. On this basis, the range of peak-load regulation was obtained by the working condition diagram of combined heat and power unit. The results show that the steam extraction amount increase with the decline of outdoor temperature, but the peak-load regulation range decreases. The method can accurately predict the range of peak-load regulation under different initial conditions (different outdoor temperatures) through the meteorological data, and the maximum error is less than 7%. Inthe supply-heat period, the power grid can accommodate and use the wind power at the maximum extent by this method, which provides the reference for power grid dispatching.
INTRODUCTION
The wind power is paid more attention in energy conservation and emission reduction in recent years. The power grid is increasing the accommodation of wind power [1] . However, the operation of combined heat and power units is usually determined by the heat load. The power generation of combined heat and power unit change with the heat load changing, so the peak-load regulation is limited by required heat load. The operation mode of "ordering __________________________ power by heat" makes a large amounts wind energy cannot be used by the power grid in the supply-heat period [2] [3] .Therefore, it is great significance to accurately predict the peak-load regulation of combined heat and power units under the condition of ensuring the heating quality, which promotes the huge amounts wind poweraccommodated bypower grid.
At present, the researches on peak-load regulation of unit are mostly the calculation based on theoretical model and the optimization of operation mode. Xu Tong et al simply combined the heat balance method, equivalent enthalpy drop method and Flugel formula to establish the calculation model of peak-load regulation for large-scalecombined heat and power unit [4] .With the large capacity for energy storage of urban heating pipe network, a coordinated control scheme with heat-supply feedforward for unit was proposed through heat storage network, which improved the units' ability of regulating load and frequency [5] . In order to improve the ability of peak-load regulation of large-scale combined heat and power unit in power grid, the heaters for heating network of two large-scale combined heat and power units were set in series. And the small back pressure steam turbine was added in front of the firstcombined heat and power unit to establish a new operation mode [6] .Huang Dawei et al analyzed the operation characteristics of back pressure steam turbine and the optimal scheduling model of peak-load regulation was established by use of the thermal hysteresis characteristics of heating system [7] . In the literature [8] , the mathematical model of thermodynamic properties about the combined heat and power unit was established by the theory of equivalent enthalpy drop and the range of peak-load regulation was determine by changing the main steam parameters in thermal test. The above research models provide a certain theoretical basis for the actual peak-load regulation. Because of the simple model study, the influences existing in the actual operation are ignored. Furthermore, the idealistic model of peak-load regulation makes the theoretical research results are far away from the operation. In order to get the more accurate results for the actual engineering application, Wang Hongwei et al took the ΠT-140/165-130/15-2cogeneration unit as an example to implement the steam extraction experiment and analyze the experimental data with the correction. So, the range of peak-load regulation under different heat load was obtained [9] . However, this method has certain limitation in application.
Considering the shortcomings of the above researches, a method to predict the ability of peak-load regulation of combined heat and power unit is put forward through the meteorological data. A 350MW combined heat and power unit is taken as an example. The heat load of consumers is considered into the model and the whole heating network is supposed as a large room. The backward predictive mathematical model is established through the meteorological data to predict the range of peak-load regulation. According to the different outdoor temperatures, namely meteorological data in winter, the heat load and the corresponding steam extraction amount are calculated. The range of peak-load regulation of the combined heat and power unit is obtained through the working condition diagram. The research has a certain reference value for fully improving the ability of peak-load regulation of combined heat and power units and promoting the maximum accommodation of wind power in power grid.
CALCULATION OF HEAT LOAD

Heating System of Combined Heat and Power Unit
The heating system of the largecombined heat and powerunit is shown in Figure 1 . As shown in Figure 1 , the heating system is composed of three parts.They areheat exchangerin heatingnetwork, heat-supply pipeline and heat consumers.In the part of heat exchanger,the circulating water is heated by the heat energy released from extraction steam. From the inlet to the outlet of exchanger, the circulating water canbe heated from temperature t w1 tot w2 . The heat energy will be carried by the circulating water to heat consumers through heat-supply pipeline. The drainagefrom heat exchanger is sent to the deaerator.In the part of heat consumers, the heat energy is deliveredto consumers through the radiator to maintain minimum indoor temperature at 18℃ when the outdoor environmental temperature changes. At the same time, the indoor heat energydissipates to outside through the enclosure structure.
Calculation Model of Heat Load
The heat load of consumers is the most basic data in the central heating system, which has direct relationship with the selection of heating system scheme and heat-supply equipment. The energy consumption and the economic benefits of heating system are determined by these factors. Because the most of combined heat and power unitsare required to participate in peak-load regulation under the premise of meeting heat load, the calculation ofheat load becomes the basis of peak-load regulation [10] . In order to meet the normal life needs of the people, the minimum indoor temperature should be guaranteed at18℃. But the outdoor temperature has the continuous changes with climate in winter. So, the more heatmustbe suppliedforsupplementingthe indoor heat loss to ensure the energy balanceof room.
In the process of establishing model, the whole heat consumersare regarded as a large room to calculate the heat load. The heat load changes with the increaseordecrease of heat consumption and gain ofheat consumers andthe infrequent heat loss cannot be included. According to literatures [11] [12] , the heat loss of enclosure structure, the infiltration heat loss of wind and the internal heat gained by buildingare considered in the model.
The total heat consumptionof buildings is defined as follow,
Where, Q H is total heat consumption of building, kW;Q HT is heat loss of enclosure structure, kW; Q INF is infiltration heat loss of wind, kW; Q IH is internal heat gained by building, kW.
The heat loss of enclosure structure in equation (1) is calculated according to the one-dimensional steady-state heat transfer process.The indoor and outdoor air temperature and other factors ofinfluencing the heat transfer process are not change with time.The heat loss of enclosure structure should be equal to the sum ofeach part heat loss (walls, windows, roof, door etc.), which transfer from indoor to outdoor stably.
The heat loss of enclosure structure is defined as follow,
Where, ε i is the correction factor of heat transfer coefficient; K i is the heat transfer coefficient of enclosure structure, W/(m 2 ·℃); F is the area of enclosure structure, m 2 ; t n is indoor average temperature, ℃;t w is outdoor temperature, ℃.
The infiltration heat loss of cold wind is defined as follow,
Where, C p is the specific heat capacity of air at indoor and outdoor averagetemperature, kJ/(kg·℃); ρ is the air density, kg/m 3 ; V is the volume of ventilation, m 3
; N is the rate of ventilation.
The internal heat gained by building is defined as follow,
Where,q IH is the internal heat gained by buildingof per unit building area (reference standard [12] is usually 3.8), W/m 2 ; A is the heat-supply area, m 2 .
PREDICTING METHOD OF PEAK-LOAD REGULATION RANGE
Calculation of Steam Extraction
According to the characteristics of heater in heating network, the heat load of heater can be expressed as,
Where, Q is the heat load of heating network, kW; D e is the steam extraction for heating, t/h; h e is the enthalpy of steam extraction, kJ/kg; h n is the drain enthalpy in heater, kJ/kg. The water is taken as heating medium and the temperature drop is 1℃ per kilometer [12] . So, the heat balance equation considering the heat losses in the process of heat transmission is as follow, Where, η is the comprehensive efficiencyof heat-supply pipeline; ζ is the percentage of heat lossof heat-supply pipeline.
The equation (7) can be obtained bythe deformation of equation (6), and the steam extraction amount of combined heat and powerunit can be calculated by the formula (7) after getting the heat load of consumers. 
Calculation of Peak-load Regulation Range
According to the thermal characteristics of steam turbine of combined heat and power unit, the minimum power P min and maximum power P max can be expressed as a function of the steam extraction amount,
When the steam extraction amount is determined by the heat consumers, the range of peak-load regulation of the unit under different steam extraction amount can be calculated through the working condition diagram.Aworking condition diagram of 350MW combined heat and powerunit is shown in Figure 2 . Figure 3 show the change of power and peak-load regulation with steam extraction of a 350MW combined heat and powerunit.On the basis of meteorological data during a certain period,the heat load of consumersand the amount of extraction steam at different outdoor temperaturesarecalculated.The range of peak-load regulation can beobtained by mathematical relationship of the extraction steamand power in Figure 3 . So, the prediction of peak-load regulation of combined heat and power unitduring a certain periodin the future is completed.
CALCULATION OF EXAMPLE
Taking a heating area in Jilin Province of china as an example,the heat-supply areaAis 1.3×10 4 m 2 , the type of 350MWcombined heat and power unit is C256/N330-16.7/538/538, the rated power in condensingcondition is 350MW, the minimum exhaust steam flow rate oflow pressure cylinderis 140t/h.The power is not lower than 165MW under the condition of steam extraction and the working condition diagram as shown in Figure 2 .
In this example, all heat consumers are integrated into a large north-south room, which ignored the heat transfer of east and west wall.The roof area is approximately equal to 1/7 of heating area, so the area of enclosure structure is as follows,
Where, A is the total heat-supply area, m 2 ; h is height of the floor, 3.2m; L is the north-south distance of building, 10m.
According to average area ratio of window to wall in thenortheast region [12] , the heat transfer coefficient of north and south wall is K=1.15W/(m 2 ·℃). The correction coefficient of heat transfer coefficient of enclosure structureis ε=1.The integrated heat transfer coefficient of roof is K=0.368W/(m 2 ·℃) and the indoor temperature t n is 18℃. The specific heat capacity of air C p is 0.28W·h/(kg·℃).The volume of ventilation V is 0.6Ah and the rate of ventilationN is 0.51/h.The loss of heat-supply pipeline is 0.15. With the operation data, the average enthalpy drop of heating network heater is 2518.65kJ/kg. The total heat consumption of building at different outdoor temperatures is shown as Table II . To verifythe accuracy of calculation method for the heat load of consumers,the predicted results are compared with the actual history dataof DCS (Data Communication System), the results and errors are shown in Table III .
From the data of Table III , there is a certain deviation between the predicted heat load and the actual heat load.The main reason for the deviation is that only the outdoor temperature is considered in the calculation of heat load.But the othermeteorological parameters, such as wind speed, solar radiation can also affect the heat load. Furthermore, there are also some errors between the predicted and actual meteorological data. However, compared with the actual heat load, the maximalerrorof the predicted heat loadis only 6.59%. It means that the prediction still has a fairly high accuracy, which meets the requirements of engineering application.
The amount of steam extraction for heating is calculated through the predicted heat load, then, the range of peak-load regulation is determinedby fitting with the working condition diagram, namely the maximum and minimum power of the combined heat and powerunit are predicted.The resultsare shown in Table IV and Figure 4 . From the Table IV and Figure 4 , based on different outdoor temperatures, theheat load increases with the decrease of outdoor temperature.The required amount of steam extractionfor heating is increased. Because of the limitation of maximum main steam flow rate and minimum exhaust steam flow rate, the range of peak-load regulation decreases.On the contrary, with the outdoor temperature rises, the required amount of steam extractionfor heatingdecreases.The adjustable steam-extraction heating unit can control the extraction steam flow rateto adjust the electric power, so the range of peak-load regulation is larger.
Similarly,the outdoor temperature is high during the daytime ina day, so theability ofpeak-load regulation of combined heat and power unit isstrong.The night temperature is low and theability ofpeak-load regulation is weak. Therefore, on the basis of weather forecast, the power grid can elasticaccommodatethe wind power in the next periodaccording to the variation of outdoor temperature.
CONCLUSION
A method of predictingthe peak-load regulationfor combined heat and power unit based on the meteorological data is proposed.The associated model forheat load of consumers and steam extraction is established and the range of peak-load regulationis obtained on the basis ofworking condition diagram.The proposed method is reasonable and accurate which verified by the example calculation and analysis of error. The maximal error is only 6.59%. The peak-load regulation of combined heat and powerunit is improved, which enhances the grid power to accommodate wind power in the premise of ensuring the heat load. It provides the theoretical foundation for improving wind power utilization.
The heat load of customersincreases with the decrease of outdoor temperature. The range of peak-load regulationis decreased with the limitation of maximum main steam flow rate and minimum exhaust steam flow rate. The range of peak-load regulationis increased with the increase of outdoor temperature, because the combined heat and power unit has the greater flexibility to control power generation.In the heat-supply period, the power grid canpredict the range ofpeak-load regulationby the meteorological data, which provides the reference foroptimize dispatching of power grid.
